Introduction
Idiopathic intracranial hypertension (IIH), or pseudotumor cerebri, is a clinical condition shown to be associated with obesity and the female gender [1] [2] . Idiopathic intracranial hypertension is defined as a clinical syndrome of raised intracranial pressure in the absence of a space-occupying lesion, without enlargement of the cerebral ventricles for which no causative factor can be identified [3] . As the prevalence of obesity increases, it is likely that clinicians will encounter more of this previously uncommon condition. Traditionally, IIH is most commonly treated with medication within the carbonic anhydrase inhibitor family [3] . However, surgical management has been shown to be useful in resolving the symptoms of IIH, especially in patients with morbid obesity [4] .
Ventriculoperitoneal (VP) shunts have become increasingly popular in the diversion of cerebrospinal fluid for treating IIH. The presence of a VP shunt could pose an increased risk of shunt-related complications in patients undergoing complex intra-abdominal surgical procedures like Roux-en-Y gastric bypass (RYGB). As a result of manipulation of the VP shunt during a weight loss operation, the risk of infection either intra-operatively or from postoperative anastomotic leaks may lead to devastating complications, such as meningitis, shunt blockage, and uncontrolled rise in intracranial pressure. In addition, VP shunts have been shown to have a higher rate of failure in morbidly obese patients, which further complicates the management of these patients [5] .
A potential solution to this dilemma is to temporarily externalize the shunt as has been reported in other surgical procedures [6] [7] . The VP shunt is reinserted at a later date, after the period of highest contamination risk. This technique has the added advantage of enabling the evaluation of shunt function and the potential for shunt independence. This paper describes our experience in managing VP shunts during bariatric surgical procedures.
Materials And Methods
Under our institution's review board approved protocol, all patients undergoing RYGB or laparoscopic adjustable gastric banding (LAGB) between April 1, 2004 and November 1, 2007 were identified from the prospective, longitudinal institutional database. Those that also had a VP shunt at the same time were selected. Brigham and Women's Hospital protocol was #P000704; Boston Childrens Hospital protocol was #P00007528. All patients met the criteria for bariatric surgery established by the National Institutes of Health Consensus Development Panel [8] . All had failed to maintain weight loss by non-surgical means. The patient decided upon the type of operation (RYGB, laparoscopic RYGB, or LAGB) after attending a public information session and personal consultation with the surgeon.
At the beginning of the surgical procedure in the operating room, the distal portion of the VP shunt was externalized from the right upper quadrant incision site or clavicle incisions site (depending on the judgment of the surgeon) and the passage of clear cerebrospinal fluid (CSF) was confirmed. Then, it was connected to an external ventricular drainage system that was maintained for the duration of shunt externalization. The weight-loss operation was then conducted per our routine. The VP shunt was clamped and symptoms of elevated intracranial pressure (ICP) were queried for a week following surgery. If the patient was asymptomatic following 48-hours of clamping the VP shunt, then the VP shunt was removed. If, however, the patient was symptomatic, then the VP shunt was re-inserted into the abdomen by standard general and neurosurgical techniques. Antibiotics were prescribed during the duration of the externalization; however, cerebrospinal fluid was not routinely sent in the operating room.
All laparoscopic RYGB (LRYGB) patients had the creation of a small gastric pouch (approximately 20 cc in volume, as judged by the surgeon), with a 100 cm antecolic Roux limb, and 50 cm afferent limb. All LAGB patients had the Lap-Band system (ALLERGAN, Santa Barbara, CA) placed by experienced surgeons using the pars flaccida technique [9] .
Postoperative recovery was in a bariatric surgical ward with neurosurgical consultation. Patients were discharged on a dietician-led nutrition plan and reviewed in outpatient clinic at regular intervals. Gastric banding adjustments were made in the office per standard protocol. All data were prospectively entered into a computerized database and reviewed retrospectively.
Queries were made for patient demographics, age, gender, initial body mass index (BMI), perioperative mortality (defined as death by any cause within 30 days of operation), and perioperative complications (anastomotic leak, deep venous thrombosis, pulmonary embolism, gastrointestinal tract bleeding requiring transfusion or endoscopy, wound infection requiring antibiotics, need for splenectomy, incisional hernia, bowel obstruction, anastomotic stricture, gastric prolapse, and band erosion).
Results
Of the 1,759 patients that underwent primary bariatric surgical procedures during the study period, six had indwelling shunts (five were for IIH and one was for post-subarachnoid hemorrhage hydrocephalus). Five of the six patients were female, while one was male. Mean age of this small cohort was 39 +/-10 years of age. All patients had VP shunt externalization at the time of their surgery. Four of six patients underwent LRYGB, one underwent an open RYGB, and one underwent LAGB. There were no recorded mortalities or complications.
There were no VP shunt malfunctions related to infectious complications. However, one patient required multiple attempts of VP shunt re-insertion. This patient had a long history of multiple VP shunt revisions for recurrent displacements from the peritoneal space. At the time of her LRYGB, her shunt was externalized via an incision at the clavicle, but was difficult to retract as the distal intra-abdominal end had been secured to a mesh at a prior revision. Therefore, 10 cm of catheter was withdrawn and the shunt was amputated at this point. Further management for the patient included re-internalization of her VP shunt through clavicular and RUQ incisions on postoperative day nine. The patient subsequently required two revisions of the distal end of VP shunt due to displacement from the peritoneal space, associated with subcutaneous CSF collection. There have been no more shunt complications in this patient.
In addition, in the process of externalization, VP shunts may be ligated or removed in newly shunt-independent patients. One patient (LRYGB with VP shunt for subarachnoid hemorrhage hydrocephalus) tolerated clamping of the VP shunt. We were able to ligate the shunt and chose not to remove the entire shunt system at that time to minimize the number of incisions and the risk of further complications.
Discussion
Bariatric surgery has become increasingly prevalent as clinicians recognize its ability to induce significant and sustained weight loss with the amelioration of obesity-related co-morbidities [10] [11] . With the increasing prevalence of morbid obesity and its association with IIH, the frequency that bariatric surgeons encounter IIH is concurrently increasing [4] . In this study, we describe our experience with temporarily externalizing VP shunt at the time of LRYGB, RYGB, or LAGB. In our small series of six patients, we have demonstrated this as a potentially safe and effective technique of managing VP shunts during weight-loss operations.
The estimated incidence of IIH is 21.4 per 100,000 obese females with BMI >30kg/m2 [12] .
Overall, the incidence of IIH in overweight patients has been shown to increase with increasing BMI [12] [13] . It has been hypothesized that obese patients are at an increased risk because of a number of reasons, including a proposed association with cerebral edema as a result of disturbances in neuroendocrine physiology leading to increased brain water content [14] [15] .
There may also be an association between extra-ovarian production of estrone in obese patients and risk of IIH [16] . Increased intra-abdominal pressures may increase the risk of IIH in morbidly obese patients [17] . This may lead to elevation of the diaphragm with an increase in intra-thoracic pressure, leading to a reduction in cerebral venous drainage to the heart via the jugular venous system [17] [18] .
Worsening obesity is associated with poorer visual outcomes, especially in individuals with BMI > 40 kg/m 2 [1] . Again, symptoms may be distressing and permanent neurological damage can occur, such as trigeminal neuralgia, Bell's palsy, and the dreaded sequelae of permanent visual loss. In addition, morbidly obese patients are more likely to have a persistence of other IIH symptoms despite treatment as compared to non-obese patients [19] . Diagnosis relies on the modified Dandy criteria (increased intracranial pressure with opening pressure > 20cm H 2 O, clinical signs of raised ICP, normal CSF composition, and normal radiological cranial imaging) [20] .
Given the retrospective nature of our study, we only evaluated those patients with surgical interventions. However, treatment options for IIH include symptomatic relief with analgesics or efforts to reduce ICP that range from medications, such as acetazolamide, to surgical interventions, such as optic nerve sheath fenestration or shunting (VP or lumboperitoneal) [21] . Treatment options have also included transverse sinus stenting with complete resolution of symptoms in select patients [22] . Outcome studies following bariatric surgery have also been shown to yield complete resolution of IIH symptoms [23] . Idiopathic intracranial hypertension, as an indication for adult shunt surgery, increased from 1.8% of all adult shunt surgeries in the U.S. in 1998 to 4.5% in 2002 [6] , paralleling the increasing prevalence of morbid obesity. In the same time period, there was an increase in the number of bariatric surgical procedures performed in patients with IIH [6] . With the increasing prevalence of obesity, the number of patients undergoing bariatric surgical procedures for IIH who have VP shunts will also be expected to increase.
The resolution of IIH in morbidly obese patients following weight-loss operations has led to an increased demand for bariatric surgery to become standard of care in morbidly obese patients with IIH [23] , especially since it has been shown that these patients have a persistence of IIH symptoms following other forms of treatment [19, 24] . Morbidly obese patients with preexisting VP shunt for IIH presenting for a weight-loss operation represent a therapeutic dilemma. The decision to externalize or not to externalize the VP shunt varies across institutions and arises largely because of feared complications, which include an increase in ICP from shunt valve malfunction/failure and/or infection, which may occur due to a potentially contaminated surgical field [25] .
A potential risk exists for increased intra-abdominal pressure created by the carbon dioxide pneumoperitoneum to cause increased back pressure in patients with VP shunt, which may be transferred to the ventricular cavities leading to increased ICP. With severe increase in back pressure, there is also a theoretical risk of shunt valve rupture. Some VP shunt valves can withstand pressures up to 300 mmHg, and the intra-abdominal pressures created because of the carbon dioxide pneumoperitoneum (15-18 mmHg) will be unlikely to cause a rupture [26] . Neale, et al. showed that this complication was highly unlikely. In their study, VP shunt valves that ruptured did so at pressures exceeding 80 mmHg, far greater than intra-abdominal pressures typically created during laparoscopy [27] .
Jackman, et al., in their series of 18 patients with pre-existing VP shunt who had laparoscopic surgery, showed that there was no clinical evidence of increased ICP; however, in their study, no patient underwent invasive intracranial pressure monitoring. Heart rate and blood pressure changes were used as proxies for increases in ICP [25] . Brown and colleagues acknowledge that laparoscopy appears to be safe in patients with VP shunt undergoing procedures that are less than three hours in length [7] . Some authors have recommended that patients be placed in a steep Trendelenburg position to facilitate CSF drainage intra-operatively. Brown and his group recommended preoperative neurosurgical evaluation to determine the appropriateness of VP shunt externalization or steep Trendelenburg in this unique group of patients. However, weight-loss operations vary in duration, and for more complex and longer procedures like revisions, the risk of increased ICP definitely should not be overlooked. The average duration of surgery in our series was within the threshold duration recommended by Brown and his colleagues to potentially externalize the VP shunt. For example, the median operative time in this small cohort was 4:20 minutes (range: 2 hours -5:26 minutes).
Finally, there is risk of contamination of the surgical field and dissemination of diseasecausing microorganisms to the central nervous system. In our small series of six patients, we showed that externalization of the VP shunt during the procedure is a potentially reasonably safe option serving two major purposes: removing the shunt from the potentially contaminated surgical site and facilitation of shunt function assessment and dependence. This technique has been safely utilized in other surgical procedures [7] . In fact, one series suggested that for routine clean and clean-contaminated cases, that there is minimal risk for VP shunt malfunction or infection; thus, there is no reason for shunt externalization [28] . In this particular series, there were only two infections out of 26 cases [28] ; however, the definition of VP shunt in adults is variable and the quoted overall incidence ranges from approximately 2% to 17% [29] .
We found it to be a simple technique requiring no special maneuvers. Our only issue was that of "shunt pull-out" in a single patient while trying to reinsert the shunt. Shunt pull-outs, or displacements from the peritoneal space, are probably a common complication in morbidly obese patients, likely due to pannus movement and repeated traction on the catheter. In this patient, a Prolene mesh was ultimately placed at the distal end of the patient's shunt to keep it successfully in place; similar to Morrison, et al. description of reducing complications related to distal shunt placement associated with obesity [30] . In addition, VP shunt may be ligated or removed in newly shunt-independent patients. We were able to ligate the shunt in one of our patients who had been shunted for post-subarachnoid hydrocephalus, but no longer required the shunt. We chose not to remove the entire shunt system at that time to minimize the number of incisions and risk of complication.
Conclusions
In conclusion, we described our experience with temporarily externalizing VP shunt at the time of RYGB or LAGB procedures. We demonstrated that this is a safe and effective technique of managing VP shunt during bariatric surgical procedures in our small series of six patients. We acknowledge that there may be other factors that are paramount, including the overall time of the procedure or the effect of contamination and/or translocation; therefore, the ultimate decision may be resigned to the operating surgeon regarding the risk:benefit ratio of this temporizing procedure. Further studies are needed to address VP shunt management after surgery and whether there are statistically significant differences in EBWL, which leads to changes in their management.
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